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实验结果表明，在铁浓度为 4 mg/L 和胁迫 15 天条件下，文蛤鳃、肝胰腺内







达量进行分析，实验结果表明，在 1~4 mg/L 铁胁迫下，肝胰腺中的铁蛋白表达





















































Meretrix meretrix has been cultured on a large-scale in the southern coastal areas 
in China. However, serious marine pollution in recent years has resulted in a large 
amount of losses to the aquaculture industry, especially the safety problems caused by 
pathogenic bacterium and heavy metals, thus resulting in hindering the sustainable 
development of shellfish culture. Moreover, due to the lack for information of 
genomic resources, limited researches about the toxicology mechanism caused by 
marine pollutions has been carried out. In this work, the expression of ferritin, the 
lipopolysaccharide-induced tumor necrosis factor-alpha factor （LITAF）, the inhibitor 
of NF-κB （IκB）, metallothionein, and glutathione peroxidase were assessed at 
transcriptional level in order to investigate the toxicological and immune mechanism 
of the hard clam Meretrix meretrix following challenge with iron, cadmium and 
bacterium （Vibrio parahaemolyticus） respectively. 
Fe supplemented in natural seawater led to the increment of Fe content in both 
hepatopancreas and gill tissue of M. meretrix between 4 to 15 days after 4.0 mg/L Fe 
exposure. Similarly, the total Cd content in hepatopanceas, kidney and gill tissue et al. 
increased corresponding to increased Cd concentration in seawater after 7 days of 
exposure. Moreover, the glandular epithelium of the digestive tubes showed a gradual 
hypertrophy and hyperplasia and disruption of epithelial cell lining after 7 days 
exposure in cadmium. These results indicated that both Fe and Cd were able to 
bioaccumulate in hepatopancreas and gill tissues and cause tissues abnormalities, 
resulting in disorder of biophysiology processes. Both real-time quantitative PCR and 
western blotting results indicated that the ferritin expression in hepatopancreas tissue 
had a positive correlation with the concentration of dissolved iron in seawater. Ferritin 
expression presented twice upregulation at 96 h exposure under 4 mg/L Fe stess，
whereas the other proteins mRNA expression in the two tissues had a similar trend of 
















results suggest that upregulation of transcription factors, ferritin, peroxiredoxins were 
induced to alleviate the toxicity and injuries caused by excess metals. The correlation 
between ferritin expression and environmental iron concentration suggests a new 
perspective for ferritin being a new potential biomarker for monitoring the level of 
environmental metals.  
Vibrio parahaemolyticus exposure triggered immune responses with similar 
trends of upregulation, downregulation and then gradual recovery to normal levels in 
different tissues. The significant expression post-challenge responded in LITAF and 
IκB at 3 h, in ferritin at 24 h, and in metallothionein and glutathione peroxidase at 48 
h. Moreover, a relatively higher increase of these five proteins mRNA was determined 
in hemocyte compared to other tissues from M. meretrix except for metallothionein in 
hepatopancreas tissue and LITAF in gill tissue. Similar expression profile of these five 
proteins mRNA were observed as well as iron exposure. This behavior might be 
linked to their specific functions in physiological processes. These results suggest that 
similar signaling pathways are triggered during iron and V. parahaemolyticus 
challenge respectively. Here, we indicated that the ferritin of Meretrix meretrix 
（MmFer） was an intermediate member in the pathway of iron homeostasis and 
innate immune defense mechanism in M. meretrix. 
Ferritin cDNA was cloned to deduce specific functional sites. The subunit 
structure and phylogenetic tree of ferritin was also analyzed for confirming the type 
and function of M. meretrix ferritin. The results indicated that MmFer shared high 
similarity with H-type ferritins among mollusks. Our work provides evidences for 
understanding the toxicological mechanism in marine mulluscs defense against metal 
and bacterial challenge, thus giveing new insight to disease control and rational use of 
essential elements for the sustainable culture of hard clams. 

























我国沿海有文蛤（M. meretrix）、丽文蛤（M. lusoria）、斧文蛤（M. lamarckii）、
中国文蛤（M. pebechialis）、帘文蛤（M. lyrata）和台湾文蛤（M. formosana）等
6 种。其中文蛤，自然蕴藏量最大，是主要的优良的养殖对象。  
1.1. 铁蛋白概述 
1.1.1. 铁蛋白结构介绍 
铁蛋白是 1884 年被 Schmiedeber 发现的水溶性铁储存蛋白，1937 年被







典型的铁蛋白是由 24 亚基组成，每个亚基折叠成 4 个长 α 螺旋（分别为 A、





















   
图 1 铁蛋白三维空间结构[5] 
Figure 1 Structure of the ferritin
[5]
 




可或缺。富含 H 亚基的铁蛋白主要负责参与铁离子的快速释放和吸收，富含 L
亚基的铁蛋白则主要负责铁的成核和铁的长期储存，而 M 亚基被认为同时具备
H 和 L 亚基的功能。 















































































中[4, 15]。铁离子介导铁蛋白调控主要是通过铁调控蛋白和铁蛋白 H 亚基和 L 亚
基 mRNA 5‗非编码区的离子响应元件之间的反应来实现的[16-18]。 
胞质铁蛋白 mRNAs 的 5‗非翻译区有一个离子调控元件（Iron responsive 
element，IRE），它能结合具有高度亲和力的铁调节蛋白（Iron regulatory protein，
IRP）IRP1 和 IRP2。IRE 与 IRP 结合形成的复合物能够抑制核糖体结合到铁蛋白
mRNA 上，从而抑制铁蛋白的翻译。IRE 和 IRP 的结合能力受到铁离子和细胞的
氧化还原状态调控。IRP1 通过蛋白中 Fe/S 簇形成状况来感知细胞质中铁的状态，
IRP1 蛋白主要存在 3 种形式：显著的构象变化，顺乌头酸酶活性和 RNA 结合活
性丧失；第一种构象变化一般发生在细胞内铁离子含量较低的时候，由于不能形
成 4Fe/4S 簇，IRE 能与暴露出来的 IRP1 酶活性中心结合，抑制铁蛋白的翻译，
从而增加对铁离子的吸收，并同时降低对铁离子的储存；而当胞内铁离子浓度较
















子的储存。第二种形式下，IRP1 中包含 4Fe/4S 簇，正常情况下不与 IRE 结合，
当铁离子含量较高时形成 Fe/S 簇；这些信号的转变常常受到蛋白质磷酸化和铁




会激活泛素蛋白酶系统，促使 IRP2 降解，促进铁蛋白翻译。总的来说，IRP1 和
IRP2 对维持细胞内铁离子平衡极为重要，两者共同作用，保证生命活动的正常
进[23]。 
铁蛋白的转录调控尚未被研究透彻。组织中铁蛋白 H 和 L 亚基的比例也会
影响铁蛋白基因的表达调控。在慢性高浓度铁离子胁迫下，铁蛋白表达明显受到
铁浓度的调控[24, 25]。Torti 课题组曾证实铁蛋白尤其是 H 型亚基高表达受到氧化
剂的诱导[4]。这一响应主要是受到铁蛋白基因上游的抗氧化响应元件（Antioxidant 
responsive element，ARE）的调控[26, 27]。受到氧化胁迫后，NrF2 和 JunD 通过
ARE 参与到了 H 铁蛋白的转录调控中[28]。有趣的是参与到调控中的转录因子如
Bach1 和 Maf, 对亚铁血红素敏感，铁蛋白的转录能被亚铁血红素轻易激活[29]。
因此，亚铁血红素，是一种潜在的氧化分子，能够强烈诱导胞质铁蛋白的表达，
在转录水平通过 Bach1 结合，在翻译水平通过 IRP2 结合[29] [30]。 
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